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[Introduction]  
Porous coordination polymers (PCPs) or metal-organic frameworks (MOFs) have recently 
emerged as a class of electron-conductive porous materials that are promising for widely practical 
applications such as batteries, supercapacitors, sensors, electrocatalysts and so on1. Although 
several strategies have been established to engender conductivity in framework materials in the past 
decade, those works are mainly limited to dithiolate, semiquinonate, azolate, TTF and TCNQ 
derivatives, and some of the conducting mechanisms have been unclear due to the unavailability of 
their crystal structures. Therefore, the exploration of rational design and novel synthetic method of 
conducting frameworks still remain challenging. The purpose of this thesis was to synthesize highly 
electrical conductive PCPs by incorporating organic radicals into the framework as a new strategy 
and developing the electrocrystallization for the syntheses of conductive PCPs as a new approach. 
Furthermore, tuning the conductivities of PCPs based on the external stimuli, such as 
solvation/desolvation and host-guest interaction, was the second aim. Combining these two 
purposes, porous molecular conductors (PMCs) was proposed as the final target compounds, and 
the redox-active molecule N,N’-di(4-pyridyl)-1,4,5,8-naphthalenediimide (NDI-py) was selected as 
the ligand in this study.  
 
[Result and Discussion]  
(1) Syntheses and Characterizations of PMCs 
                                      
By applying a constant direct current to the solution containing organic ligand and metal salts, 
a series of PMCs have been 
synthesized. All of them had 
dark-brown rod-like crystals. Single 
X-ray diffraction analysis revealed 
that the PMCs crystallographiclly 
range from 1D to 3D, and all of them 
contain the infinite 1D -stacked 
columns formed by helically 
overlapping NDI cores, as shown in 
Figure 1. The NDI cores were 
reduced to NDI•– as confirmed by 
solid-state UV-Vis and EPR 
spectroscopic studies. However, the 
average charge of NDI was calculated 
as –0.7 according to the chemical 
formulas, indicating that 70% of the 
NDI cores were reduced to NDI•– and 
30% of them remained neutral state. 
The existence of neutral NDI was 
confirmed by cyclic voltammogram 
acquired in solid state which showed a 
pair of reversible peaks at E1/2 = –0.77 
V (vs Fc/Fc+) (Figure 2). The 
electrical conductivities of PMCs 
were measured to be ⁓10–3 S/cm at RT with using two-contact probe method in single crystals. In 
the case of PMC-ZnSO4-2D, the conductivity reached to ⁓10–2 S/cm.  
 
Figure 2. Solid-state a) UV-Vis-NIR spectra and b) Cyclic voltammogram of PMC-Cd(NO3)2. 
 
Figure 1. Crystal structure of PMC-Cd(NO3)2 
                                      
(2) Modulating the conductivity of PMC 
The conductivity of PMC-Cd(NO3)22 could be modulated by solvation/desolvation. Heating 
PMC-Cd(NO3)2 at 210 ℃ or soaking the single crystals into organic solvent such as CHCl3, 
CH2Cl2, EtOH and so on could provide a desolvated species PMC-Cd-h or PMC-Cd-s which both 
had a structural transformation from the as-synthesized state (Figure 3a). The conductivities of 
PMC-Cd-h or PMC-Cd-s was measured as ⁓10–2 S/cm in pressed pellet, showing 104 times 
increase to that of PMC-Cd(NO3)2 (7.6  10–6 S/cm). Furthermore, by exposing PMC-Cd-h or 
PMC-Cd-s into DMA vapor, their structures changed again to provide a PMC-Cd-v, which showed 
a conductivity of 2.3  10–8 S/cm in pressed pellet at RT. These results demonstrated that the 
conductivity of PMC-Cd(NO3)2 could be tuned in a wide range (10–2–10–8 S/cm). 
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Figure 3. a) Variations of PXRD patterns, b) Variations in conductivities and c) tunable 
conductivity by solvation/desolvation in PMC-Cd(NO3)2. 
